The murine Mac-2 protein is a galactose-and IgE-binding lectin secreted by inflammatory macrophages. We describe here the cloning and characterization of a cDNA representing the human homolog of Mac-2 (hMac-2). The amino acid sequence derived from the hMac-2 cDNA indicates that the protein is evolutionarily highly conserved, with 85% of its amino acid residues being similar to those in the murine homolog. This conservation is especially marked in the carboxyl-terminal lectin domain. The amino-terminal half of the protein is less conserved but still contains the repetitive prolineglycine-rich motif seen in the mouse protein. hMac-2 synthesized in vitro is recognized by the M3/38 monoclonal antibody to Mac-2 and binds to the desialylated glycoprotein asialofetuin and to laminin, a major component of basement membranes.
These findings are discussed in the context of the potential functions of hMac-2.
Macrophages activated during the course of acute or chronic inflammation release a number of soluble proteins which mediate or regulate the effects of the inflammatory response. Understanding the function and mode of regulation of these monokines is critical to devising strategies for therapeutic intervention in inflammatory disorders. The murine Mac-2 antigen was originally described by Ho and Springer (1) and was shown to be expressed at a high level on the surface of inflammatory macrophages. We recently cloned cDNAs encoding Mac-2 and showed that the protein is secreted and has the characteristics of a galactose-specific lectin (2) . A search ofthe computer data bases revealed that it had been identified independently by two other groups on the basis of its carbohydrate-binding property. Wang and colleagues (3, 4) identified the protein, which they called carbohydratebinding protein 35 (CBP 35) , in 3T3 mouse fibroblasts, and on the basis of immunolocalization studies and sequence homologies proposed that it might be a component of nuclear ribonucleoprotein complexes. Raz et al. (5) identified the same protein (under the name L-34) as a tumor cell surface lectin and suggested that it enhanced tumor metastasis by promoting the formation of multicellular emboli. A rat cytosolic protein highly similar to Mac-2/CBP 35/L-34 has been described and has been shown to bind IgE (6) . We have shown that Mac-2 also has the ability to bind murine IgE (2) .
Recently, yet another function has been revealed by the work of Woo et al. (7) , who showed that Mac-2 is the major nonintegrin laminin-binding protein synthesized by murine inflammatory macrophages, indicating a potential role in macrophage-extracellular matrix interactions.
Given the number of functions and subcellular locations proposed for Mac-2, further studies are clearly warranted. The high expression of this protein in inflammatory macrophages suggests that it has an important function in inflammation. In view of the potential involvement of this protein in processes relevant to human disease, we were interested in determining whether a human homolog of Mac-2 existed. In the present report we describe the cloning of the human homolog of Mac-2 (which we have designated hMac-2, for human Mac-2 antigen)* and show that the primary structure of the two proteins is highly conserved, especially in the lectin domain. The hMac-2 synthesized in vitro is recognized by the M3/38 monoclonal antibody to Mac-2 (1) and behaves like a galactose-specific lectin in its binding to the desialylated glycoprotein asialofetuin. It also binds to purified laminin, thus confirming and extending the results of Woo et al. (7) .
MATERIALS AND METHODS
A cDNA library made from Staphylococcus albus-activated human monocytes in the vector Agtll (kindly provided by Deborah Galson, Massachusetts Institute of Technology) was screened with the radiolabeled 970-base-pair (bp) EcoRI insert from the clone Mac 2.16 (2) under the following conditions: hybridization at 65°in 6x SSC (1 x SSC is 0.15 M sodium chloride/0.015 M sodium citrate, pH 7)/0.2% SDS/ lx Denhardt's solution (0.02% Ficoll/0.02% polyvinylpyrrolidone/0.02% bovine serum albumin)/1 mM EDTA and salmon sperm DNA at 100 gg/ml for 18 hr; wash with 3xSSC/0.1% SDS at 370C. Positive plaques were purified, DNA was prepared, and the inserts were subcloned in the vector pBSK (Stratagene) as previously described (2) .
To obtain 5'-extended hMac-2 cDNAs, the 660-bp EcoRI fragment from the clone hMac-2.2 was radiolabeled and used to screen, under high-stringency conditions (8), a cDNA library made from the human colonic carcinoma cell line HT29 in the vector CDM8 (9) (kindly provided by Ivan Stamenkovic, Massachusetts General Hospital). Positive colonies were purified, and plasmid DNA was prepared (8) .
Double-stranded DNA sequencing was carried out with the T7 sequencing kit (Pharmacia), using appropriate restriction fragments cloned in pBSK. Oligonucleotide primers based on available sequence were used when the restriction fragment was too large to be sequenced by using the vector-based primers. Sequence comparisons were carried out with the computer program GAP (10) .
In vitro transcripts of cloned cDNAs were generated by using the T7 promoter in CDM8 and the transcripts were translated in vitro as previously described (2 *The sequence reported in this paper has been deposited in the GenBank data base (accession number M35368).
7324
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 1 1 Binding of [35S]methionine-labeled in-vitro-synthesized hMac-2 protein to laminin was carried out as follows. One milligram of laminin purified from the Engelbreth-HolmSwarm sarcoma (GIBCO) was coupled (2) to 1 ml of Sepharose CL-4B (Pharmacia) and stored as an approximately 50% slurry in 0.5% Triton X-100 in 10 mM Tris HCI, pH 7.4, with 3 mM MgCl2 and 10 mM NaCl (binding buffer). sequencing of this insert indicated that thoug similar to Mac-2, it did not extend sufficient] the translational start site. To obtain a clone sequence, the 660-bp EcoRI fragment of hM to screen a cDNA library from the human c( cell line HT-29 (which expresses hMac-2; di under high-stringency conditions. Ofthe clone one, hMac2.3, was found to include the tra site. The inserts from these clones were su vector pBSK and used for subsequent exper Sequence of hMac-2 cDNA. The nucleotide predicted amino acid sequence of the hMac-2 ( in Fig. 2 . We have obtained a total of 93' sequence. Given that the size of the correspo approximately 2 kilobases (kb) (see below) lacks about 1 kb of the 5' untranslated region. antibody from a metabolically labeled lysate of the human monocyte cell line THP-1 (Fig. 4, lanes 1 and 2) . The in-vitrosynthesized protein was also precipitated by the desialylated glycoprotein asialofetuin coupled to Sepharose (Fig. 4, lane  7) but not by Sepharose coupled to the nonglycosylated protein myoglobin (not shown). This binding was unaffected by 100 mM glucose but was inhibited by an equivalent concentration of galactose (Fig. 4, lanes 5 and 6) .
hMac-2 Synthesized in Vitro Binds Laminin. As shown in Fig. 5 , lane 1, purified laminin coupled to Sepharose bound to and precipitated hMac-2 protein synthesized in vitro. This binding was not inhibited by the presence of 100 mM glucose but was significantly reduced by galactose at the same concentration (Fig. 5, lanes 2 and 3) . Similar results were obtained when murine Mac-2 protein synthesized in vitro was used (unpublished data).
Expression of hMac-2 in Various Cell Lines. The hMac-2 cDNA was used to probe a Northern blot of total cellular in Fig. 6 and indicate that the hMac-2 probe recognizes an approximately 2-kb mRNA which is expressed at a low level in the monocytic cell line THP-1 and at a higher level in the promyelocytic cell line HL60. Expression increases in HL60 when it is induced to differentiate, especially by PMA. hMac-2 expression can also be detected in the fibroblast cell line SL68 and in various epithelial cell lines, including HeLa, SCC, HT-29, and CaCo 2, while it is not detectable in the lymphoid cell line BJAB (data not shown). (2) . Its marked up-regulation in inflammatory macrophages in comparison to resident tissue macrophages suggested that it might be involved in the inflammatory process. Its close homology to a rat IgE-binding protein (6) raised the possibility that it may have a role in the regulation of IgE biosynthesis or function. Several other proteins with sizes and galactose-binding properties similar to Mac-2 have been described. cDNAs encoding the lectins described by Jia and Wang (3) The primary structures of Mac-2 and hMac-2 are highly conserved, with 85% of the amino acids being similar. Like the murine protein, hMac-2 demonstrates a clear two-domain organization and the conservation of primary structure is especially marked in the carboxyl-terminal lectin domain in which there are long, uninterrupted stretches of amino-acid sequence identity. The amino-terminal half of the protein contains the motif PGAYPG seen in Mac-2 but the number of repeats of this sequence is smaller in the human protein.
While the exact function of this repetitive sequence is not clear, its evolutionary conservation suggests that it has some important role.
As was observed in the case of Mac-2, the predicted amino acid sequence of hMac-2 does not contain a signal peptide or transmembrane domain, raising questions regarding the mechanism by which these proteins are localized to the cell surface. We have previously demonstrated the existence of two distinct Mac-2 cDNAs which are alternatively spliced at their 5' ends upstream of the initiation codon, and we suggested that one of the alternatively spliced forms encoded a signal peptide (2) . The limited sequence that we have obtained for the 5' untranslated region of the hMac-2 cDNA does not bear similarity to the corresponding region of either of the murine cDNAs, suggesting that this region is not of sufficient functional significance to be evolutionarily conserved. In keeping with this observation we have now found that neither of the alternatively spliced Mac-2 cDNAs encodes a protein with a signal peptide. Secretion appears to occur by a signal-peptide-independent mechanism, and some of the secreted protein is retained on the cell surface by binding to galactose-containing glycoproteins or glycolipids (B.J.C. and S.P., unpublished results). We assume that hMac-2 utilizes a similar mechanism for export and surface localization. Mac-2 and hMac-2, being secreted proteins with the ability to bind to carbohydrates on the cell surface and on extracellular molecules, are well suited to serving a "bridging" function in cell-cell and cell-substratum interactions.
Given the extent of conservation of the primary structure of Mac-2 and hMac-2, it is not surprising that the two proteins have similar antigenic and ligand-binding properties. (2) . These findings were also obtained independently by Laing et al. (15) Recently, Woo et al. (7) have identified Mac-2 as being the major nonintegrin laminin-binding protein expressed by murine thioglycollate-elicited peritoneal macrophages. This finding has important implications for the role of Mac-2 and hMac-2 in the inflammatory process. One of the early responses in inflammation is the induction of cell adhesion molecules such as ICAM-1 (16), INCAM-110 (17), VCAM-1 (18), and ELAM-1 (19) on the surface of vascular endothelial cells at the site of tissue injury. These molecules allow circulating monocytes, neutrophils, and lymphocytes to adhere to and subsequently make their way between the endothelial cells, through the basement membrane, and into the tissue space. During this process the leukocytes must be capable of transiently interacting with the basement membrane. One of the major components of the basement membrane is laminin, a large multisubunit protein which has sites for binding to cells and to other constituents of the basement membrane (20) . While the a413 integrin, a member of the integrin family of transmembrane receptors (21) , is likely to play a central role in the adhesion of macrophages to basement membrane laminin (22) , a secreted protein such as Mac-2, which has the ability to bind to laminin and to the cell surface, may be of importance in directing cell movement towards the basement membrane. Mac-2 may also facilitate the actual adhesion process. The results of Woo et al. (7) and the experiments reported here indicated that both Mac-2 and hMac-2 bind to laminin through the numerous terminal galactose residues which have been demonstrated on the sugar side chains of the latter protein (23) . Such a proteincarbohydrate interaction could stabilize the protein-protein interaction involved in the integrin-mediated binding of cells to laminin.
In addition to potentially having a role in inflammation, Mac-2 may be involved in noninflammatory processes. Raz and colleagues showed that the level of expression of L-34 (Mac-2) on melanoma and fibrosarcoma cells correlated with their metastatic ability (24) and that a monoclonal antibody to L-34 inhibited the formation of metastases by these cells (25) . Since the process of metastasis is analogous to inflammatory exudation in that it involves the crossing of basement membranes by circulating tumor cells, the laminin-binding property of Mac-2 provides a plausible explanation for these results.
The pattern of tissue-specific expression of hMac-2 is very similar to that of Mac-2; namely, it is expressed in cells of the monocyte-macrophage series, in various epithelial cells, and in fibroblasts, while expression is not detectable in lymphoid cells. It is interesting that induction of macrophage differentiation in the promyelocytic line HL60 results in a significant increase in hMac-2 expression. A similar increase in Mac-2 expression has been correlated with the state of differentiation of various murine macrophage cell lines (26) . Mac-2 expression reaches its highest level in thioglycollate-elicited peritoneal inflammatory macrophages (1, 2). We have not yet examined the expression of hMac-2 in human macrophages activated by inflammatory stimuli, but the PMA-induced upregulation of hMac-2 in HL60 suggests that a similar increase in expression may -occur during the inflammatory activation of macrophages, since stimulation of protein kinase C is known to be involved in this process (27) . It is an intriguing possibility that interaction between the adhesion molecules induced on vascular endothelium and cognate receptors on the surface of circulating monocytes may be responsible for the massive upregulation of Mac-2 in inflammatory macrophages. With the availability of the cloned Mac-2 and hMac-2 cDNAs and the antibody to the proteins, we are in a position to examine such possibilities more closely. Involvement of hMac-2 in various disease states will also now be amenable to investigation.
